A yellow-pigmented, Gram-stain-negative, strictly aerobic, rod-shaped, round-ended bacterium, designated strain 18-11HK T , was isolated from a phosphate mine situated in the suburb of Kunming in Yunnan province in south-western China. The taxonomic status of this strain was evaluated by using a polyphasic approach. On the basis of 16S rRNA gene sequence similarity, strain 18-11HK
The genus Novosphingobium, proposed by Takeuchi et al. (2001) , belongs to the family Sphingomonadaceae of the class Alphaproteobacteria. This genus accommodates species characterized as Gram-negative, strictly aerobic, chemo-organotrophic, non-sporulating rods that contain glycosphingolipids as cell envelope components. Colonies are yellow or whitish-brown. The ubiquinone is predominantly Q-10. Unsaturated C 18 : 1 v7c is the dominant fatty acid and the major hydroxy fatty acid is C 14 : 0 2-OH. At the time of writing, the genus Novosphingobium comprises 24 species with validly published names (http://www.bacterio. net/novosphingobium.html). Among these species, Novosphingobium capsulatum is the type species of the genus, and Novosphingobium subarcticum is a later heterotypic synonym of Novosphingobium resinovorum (Lim et al., 2007) . There have been six species of the genus Novosphingobium reported and described in the past three years: Novosphingobium barchaimii (Niharika et al., 2013) , N. fuchskuhlense (Glaeser et al., 2013b) , N. aquaticum (Glaeser et al., 2013a) , N. lindaniclasticum (Saxena et al., 2013) , N. sediminicola (Baek et al., 2011) and N. soli (Kämpfer et al., 2011) . During an investigation of the diversity of cultivable micro-organisms in phosphate mining field ecosystems, strain 18-11HK T was isolated from phosphate rock powder samples and selected for further characterization by a polyphasic approach, including genotypic, chemotaxonomic and classical phenotypic characteristics. On the basis of these results, we consider that strain 18-11HK T represents a novel species in the genus Novosphingobium.
Strain 18-11HK
T was isolated from phosphate rock powder samples collected at a phosphate-mining field situated in the suburb of Kunming in Yunnan province in south-western China. Samples (1 g) were suspended in 9 ml sterile distilled water and serial dilutions were prepared. Aliquots (0.1 ml) of appropriate dilutions were spread on R2A agar plates (Reasoner & Geldreich, 1985) . Plates were then incubated at 30 u C. Yellow colonies were picked and purified on R2A agar plates. Purity of the cultures was assessed by colony morphology and microscopy. For short-term preservation, serial transfer from agar slants to new R2A agar slants stored at 4 u C was used. For long-term preservation, strains were preserved at 280 u C in R2A broth with 20 % (v/v) glycerol. For taxonomic purposes, Novosphingobium tardaugens DSM 16702 T , Novosphingobium aromaticivorans DSM 12444 T and Novosphingobium subterraneum DSM 12447
T were purchased from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) as reference strains.
Cell size and morphology of strain 18-11HK
T were studied by light microscopy (Eclipse 50i; Nikon) and transmission electron microscopy (JEM-1400; JEOL) after growth for 2 days at 30 u C on R2A agar. Colony appearance was assessed by visual inspection. Gram staining was performed using a bioMérieux Gram stain kit according to the instructions of the manufacturer. Catalase and oxidase activities were determined according to the protocols described by Smibert & Krieg (1994) . Growth at different temperatures and pH was investigated using R2A as the basal medium. NaCl tolerance was tested using R2A broth supplemented with 0, 1, 2, 3, 4, 5, 6 and 7 % (w/v) NaCl. Methyl red and Voges-Proskauer tests, nitrate reduction, H 2 S production, gelatin liquefaction, casein, starch and aesculin hydrolysis, and urease activity were tested according to the methods of Dong & Cai (2001) . Other enzyme activities were assayed using the API ZYM system (bioMérieux) according to the manufacturer's instructions. The utilization of substrates as single carbon sources was assessed as described by Xie et al. (2014) ; growth was monitored by measuring the increase in OD 600 of the culture broth using a spectrophotometer. Sensitivity to antibiotics was tested using the diffusion method on R2A agar at 30 u C with filter paper discs (8 mm diameter) containing the following antibiotics: chloramphenicol (30 mg), erythromycin (15 mg), penicillin G (10 IU), rifampicin (5 mg), vancomycin (30 mg), kanamycin (30 mg), neomycin (30 mg), bacitracin (0.04 IU), novobiocin (5 mg), norfloxacin (10 mg) and ciprofloxacin (5 mg). The effects of the various antibiotics on cell growth were assessed after 2 days of incubation; the strain was considered susceptible when the diameter of the inhibition zone was .10 mm, resistant at ,10 mm.
T was a Gram-stain-negative, strictly aerobic, rod-shaped, round-ended bacterium. Cells were 0.4-0.6 mm in diameter and 0.9-1.8 mm in length (Fig. S1 available in the online Supplementary Material). After two days of incubation on R2A agar, the strain formed circular, smooth, shiny, yellow colonies. The optimal temperature for growth of strain 18-11HK T was 30 u C, growth was observed at 15-37 u C, but not at 4 or 42 u C. The optimal pH for growth was pH 7.0; growth occurred at pH 5.0-9.5. Strain 18-11HK T could grow in R2A broth supplemented with 0-1 % NaCl. The catalase test gave a positive result, while nitrate reduction, oxidase, methyl red, Voges-Proskauer, H 2 S production and indole production tests gave negative results. Strain 18-11HK T was negative for the production of amylase and caseinase, but weakly positive for the production of gelatinase. For the enzyme tests, strain 18-11HK T was positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase; weakly positive for cystine arylamidase, trypsin, b-glucosidase, a-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase; but negative for lipase (C14), b-galactosidase and N-acetyl-b-glucosaminidase. Strain 18-11HK
T was sensitive to chloramphenicol (30 mg), penicillin G (10 IU), rifampicin (5 mg), vancomycin (30 mg), neomycin (30 mg), novobiocin (5 mg), kanamycin (30 mg), norfloxacin (10 mg) and ciprofloxacin (5 mg), but resistant to erythromycin (15 mg) and bacitracin (0.04 IU). Phenotypic features of strain 18-11HK
T are presented in Table 1 and in the species description. In Table 1 Table 1 shows that some phenotypic features of strain 18-11HK
T were in accordance with those of the three closely related species (e.g. catalase and oxidase activities, assimilation of fructose, galactose, trehalose, L-malate, Lhistidine, L-leucine and L-serine), while other features clearly distinguished strain 18-11HK
T from related species of the genus Novosphingobium.
Genomic DNA was extracted according to the standard procedure of Sambrook & Russell (2001) . The 16S rRNA gene was amplified by PCR using a universal primer set corresponding to Escherichia coli positions 27F (59-GAG-TTTGATCCTGGCTCAG-39) and 1492R (59-TACGGTT-ACCTTGTTACGACTT-39). The purified PCR product was cloned into pGEM-T vector and sequenced on an Applied Biosystems Automatic Sequencer. The resulting sequence was compared with available 16S rRNA gene sequences from GenBank using the EzTaxon-e database (http:// eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . The phylogenetic relationship between strain 18-11HK T and closely related species was determined by using MEGA version 5.0 (Tamura et al., 2011) after multiple alignments of the data performed by using CLUSTAL X (Thompson et al., 1997) . Phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Yang, 1997) and maximum-parsimony (Felsenstein, 1983) analysis methods. The topologies of the trees were evaluated using a bootstrap analysis (Felsenstein, 1985) based on 1000 resamplings.
The full-length 16S rRNA gene sequence of strain 18-11HK T determined in this study was 1453 bp in length. A preliminary comparison between the 16S rRNA gene sequence of strain 18-11HK
T and sequences in public databases indicated that strain 18-11HK T belonged to the branch corresponding to the genus Novosphingobium. It showed that strain 18-11HK
T was most closely related to 'Novosphingobium ginsenosidimutans' FW-6 (97.2 %) (Kim et al., 2013) , N. subterraneum DSM 12447 T (96.7 %), N. aromaticivorans DSM 12444 T (96.7 %) and N. tardaugens DSM 16702 T (96.3 %). The phylogenetic position of strain 18-11HK T among related genera is shown in a neighbourjoining tree (Fig. 1) . In this phylogenetic tree, the isolate formed a cluster with N. tardaugens DSM 16702 T within the genus Novosphingobium. The relationship between strain 18-11HK T and N. tardaugens DSM 16702 T was also maintained in phylogenetic trees reconstructed using the maximum-likelihood and maximum-parsimony algorithms. 16S rRNA gene sequence similarities and phylogenetic analysis indicated that strain 18-11HK
T is a member of the genus Novosphingobium. According to Stackebrandt & Goebel (1994) , a 16S rRNA gene sequence similarity value between two strains of below about 97.5 % should be accepted as a criterion for delineating different species. The 16S rRNA gene sequence similarity between strain 18-11HK T and the closest described strain, 'N. ginsenosidimutans' FW-6, was 97.2 %; the data therefore support the view that strain 18-11HK
T represents a novel species in the genus Novosphingobium.
The G+C content of the DNA was determined by the thermal denaturation method (Marmur & Doty, 1962 ) with E. coli K-12 as the reference. Levels of DNA-DNA hybridization were determined from the initial DNA-DNA liquid reassociation rate as described by De Ley et al. (1970) and modified by Huß et al. (1983) . Tests were performed on a Beckman DU 800 spectrophotometer equipped with a temperature programme controller. The DNA G+C content of strain 18-11HK T was 65.3 mol%, which fell well into the 60-67 mol% range of the species of the genus Novosphingobium described to date. DNA-DNA relatedness between strain 18-11HK T and N. subterraneum DSM 12447 T , N. aromaticivorans DSM 12444 T and N. tardaugens DSM 16702
T was 29.6 % (±4.2 %, standard deviation of three replicates), 33.5 % (±1.4 %) and 32.3 % (±3.5 %), respectively. As the recommended threshold value for the delineation of genomic species is considered to be 70 % DNA-DNA relatedness (Wayne et al., 1987) , strain 18-11HK T could be confirmed as belonging to a different species.
Respiratory quinones were extracted according to the method of Minnikin et al. (1984) and were analysed by HPLC as described by Collins (1985) , with a previously characterized ubiquinone as a reference. The predominant ubiquinone was Q-10, which was in agreement with other species of the genus Novosphingobium.
Cellular fatty acid profiles were determined from biomass harvested from Petri dish cultures on R2A medium after 2 days of incubation, corresponding to the late exponential phase of growth. The cellular fatty acids were saponified, methylated and identified by using the Instant FAME method of the Microbial Identification System (MIDI) version 6.0B. Details of fatty acid profiles of strain 18-11HK T and closely related species are given in Table  2 . As shown in Table 2 , the major fatty acids detected (percentage of the total cellular fatty acids) from the strain 18-11HK T were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c), C 14 : 0 2-OH, summed feature 3 (C 16 : 1 v7c and/ or C 16 : 1 v6c), C 16 : 0 , C 18 : 1 v7c 11-methyl and C 17 : 1 v6c. The fatty acids of strain 18-11HK
T showed good agreement with the fatty acid patterns of members of the genus Novosphingobium, e.g. they all contained high amounts of C 14 : 0 2-OH, C 16 : 1 v7c and C 18 : 1 v7c, indicating that strain 
18-11HK
T is a member of the genus Novosphingobium. However, significant differences in the contents of fatty acids clearly differentiated strain 18-11HK
T from the related species of the genus Novosphingobium.
Polar lipids were extracted using a chloroform/methanol system and analysed using two-dimensional TLC, as described by Kates (1986) . Merck silica gel 60 F 254 aluminium-backed thin-layer plates were used in TLC analysis. The plate dotted with sample was subjected to two-dimensional development, with the first solvent of chloroform/methanol/water (65 : 25 : 4, by vol.) followed by the second solvent of chloroform/ methanol/acetic acid/water (85 : 12 : 15 : 4, by vol.). Detection of the total polar lipids was done using a spray of 50 % sulfuric acid solution. Strain 18-11HK
T contained sphingoglycolipid, phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and phosphatidylcholine as the major identified polar lipids, as well as one unidentified phospholipid and two unidentified glycolipids (Fig. S2) .
Based on the above phenotypic, chemotaxonomic and phylogenetic characterization, strain 18-11HK T was concluded to represent a novel species, for which the name Novosphingobium kunmingense sp. nov. is proposed.
Description of Novosphingobium kunmingense sp. nov.
Novosphingobium kunmingense (kun.ming.en9se. N.L. neut. adj. kunmingense pertaining to Kunming, a region in Yunnan, China, where the type strain was isolated).
Novosphingobium stygium IFO 16085 T (AB025013)
Novosphingonium fuchskuhlense FNE08-7 T (JN399172)
Croceicoccus marinus Gram-stain-negative, strictly aerobic, rod-shaped, roundended bacterium. Cells are 0.4-0.6 mm in diameter and 0.9-1.8 mm in length. Colonies are circular, smooth, shiny and yellow after two days of incubation on R2A agar. The optimal temperature for growth is 30 u C, growth is observed at 15-37 u C, but not at 4 u C or 42 u C. The optimal pH for growth is pH 7.0; growth occurs at pH 5.0-9.5. Can tolerate 0-1 % (w/v) NaCl in R2A broth medium. Catalase test gives a positive result, while nitrate reduction, oxidase, methyl red, Voges-Proskauer, H 2 S production and indole production tests give negative results. Negative for production of amylase and caseinase, but weakly positive for production of gelatinase. Positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, and a-glucosidase; weakly positive for cystine arylamidase, trypsin, b-glucosidase, a-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase; negative for lipase (C14), b-galactosidase and N-acetyl-b-glucosaminidase. Sensitive to chloramphenicol, penicillin G, rifampicin, vancomycin, neomycin, novobiocin, kanamycin, norfloxacin, and ciprofloxacin, but resistant to erythromycin and bacitracin. The predominant fatty acids are summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), C 14 : 0 2-OH and C 16 : 0 . Major polar lipids are sphingoglycolipid, phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylcholine and some unidentified polar lipids. The type strain can utilize D-glucose, L-alanine, L-arginine, and 1,4-dihydroxybenzene as sole carbon sources, but N-acetyl-D-glucosamine, mannose, mannitol, maltose, D-sorbitol, lactose, Dfructose, sucrose, L-xylose, raffinose, L-rhamnose, cellobiose, 
